elevation railway in the world (Figure 1) . The Qinghai-Tibet Railway (QTR) has firmly established China's technological prowess and has provided a strategic connection to the plateau for natural resources as well as for geopolitical advantages. Some argue that the railway will expedite the transfer of population that will make Tibetans a minority group in their own land.
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The Beijing-Lhasa rail journey covers a distance of 3,753 kilometers through seven Chinese provinces. For nearly 1,000 kilometers, the QTR runs at an altitude over 4,000 meters above sea level.
3 Across a windswept landscape, the QTR provides passenger carriages with enriched-oxygen systems, UV-protection and sleeper cars, powered by diesel engines that traverse the frozen ground at speeds of up to 100 kilometers per hour. Most medical advisors recommend five full days to climb to the highest altitudes, yet the train takes only 36 hours to make the steepest ascent. To compensate, every berth and seat on the train has access to 40% oxygen delivered though a narrow tube into the nose (for those who need it). As the QTR ascends to its maximum altitude over the Kunlun Range of 5,072 meters, ink pens leak and vacuumsealed food packages explode.
This essay focuses on the technological challenges of building the "permafrost rooster", the scientific insights derived from its construction, and the unintended consequences of a daring infrastructure project across such a remote frozen landscape.
The QTR not only transports about 900 passengers from Beijing to Lhasa within a few days, but also provides a lens into remarkable science undertaken at the intersection of 
Technology, Culture, and the Environment: Building a Railway on Permafrost
The potential for a railway across the Roof of the World provided a powerful incentive for the Chinese to study permafrost regions of the Qinghai-Tibet Plateau beginning in the 1950s. The government planned and ran scientific studies but had to wait for technology to tunnel through ice and lay track on permafrost for the creation of the QTR. 4 By 2001, ambitions of the late fifties had the backing of science, funding, and political will. At a cost of $4.3 billion, it has been an audacious project. China is counting on the rail to reduce the cost of transport to Tibet by fifty percent, speed economic development, and stimulate business by bringing tourists into Tibet by train each year. The engineering challenges at the highest altitude region of the Qinghai-Tibet
Plateau are even more profound. Drawing on three decades of study, the Chinese Academy of Sciences reports that the instability of the permafrost on the Qinghai-Tibet
Plateau causes grave geological problems beneath major roads and rails. Permafrost is perennially frozen earth, with a temperature below 0° C continuously for two years or more. The permafrost deep in the ground is not the critical problem. The dilemma is that the active layer on top freezes in winter and thaws in summer, causing the ground to become more like a bog or swamp. This active layer of permafrost slumps when it thaws, causing the soil to collapse, and anything constructed on top of it to shift. The signals of climate warming on the plateau are intense.
Climate scientists report the high altitude region of the Qinghai-Tibet Plateau is warming faster than anywhere on earth outside the poles. 12 The plateau experiences intense solar radiation due to both its low latitude and its high altitude. from cooking on fires that burn dried dung, wood, brush, and crop residues creating a darkening, warming effect on land surfaces.
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The United Nation's Intergovernmental Panel on Climate Change (IPCC) reports that a retreat of permafrost with rising global temperatures is virtually certain. 16 Onethird to one-half of the permafrost on the Qinghai-Tibet Plateau will degrade by 2100.
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Engineers utilized climate change models prior to building the QTR but some early models were overly optimistic. Experiments revealed that this ice-rich soil is sensitive to both load-induced and temperature-induced melting, threatening the railway as it crosses permafrost regions. 18 Inconsistent geophysical cycles have left regions of the plateau frozen in places and melting in others. The railway can cope with a threedegree rise in temperature over time but the steady rise in temperature over decades may well accumulate beyond this limit.
In response to these challenges, Chinese engineers deployed state-of the-art technology to cool and stabilize the soil layers under the railroad embankment. elevated sections for the QTR. New challenges then followed such an influx of workers to this remote, high altitude region.
High Altitude Medicine
In 1959 when Chinese engineers built the Old Tibetan Highway, over three thousand workers died of exposure and altitude sickness. 23 With this history in mind, the Chinese Ministry of Railroads created a plan to build the QTR extension into Tibet that considered the health risks workers would face. 24 As part of the QTR construction from 2001 to 2006, researchers screened thousands of workers who traveled from lowland habitat to altitudes up to 5,100 meters to work at the construction site. Although workers experienced a gradual ascent to the peak mountainous regions, incidence of altitude sickness upon first-time exposure was 51%. 25 Work on the railroad was limited to the young and healthy and individuals who did not show symptoms of altitude sickness.
However, one might consider bias in such a study as the workers may conceal moderate discomfort from altitude sickness in order to stay on the job. Medical specialists became part of the QTR construction project with infirmaries built beside the railway at every eighteen kilometers.
Outside of the QTR project, experts in high altitude medicine have expanded genomic studies in order to study human adaptation. Tibetans have lived at very high altitudes for thousands of years, and they have a distinctive set of physiological traits that enable them to tolerate lower oxygen levels. In fact, current research indicates that
Tibetans breathe air that has forty percent less oxygen than is available at sea level, yet 
Global Health: Opening Pandora's Box at The Roof of the World
As thousands take advantage of the Qinghai-Tibet Railway for the journey to Lhasa, travelers stop at scenic spots along the rail line including the nature reserve at Qinghai Lake, the largest inland saltwater lake in China. The lake appears as a blue mirror between snowy mountains located above 3,600 meters in elevation and surrounded by regions of grasslands and permafrost. Qinghai Lake draws many travelers, both Chinese and international, to the austere beauty of the lake and a chance to visit the nearby Ta'er Monastery, a famous Tibetan lamasery.
It is not only people and their technology converging at Qinghai Lake but also birds migrating from across Asia. This is a crucial stopover and breeding site for migratory birds that overwinter in Southeast Asia, Tibet and India. 33 The bar-headed goose (Anser indicus) has an extensive range with many breeding populations at Qinghai Lake. In a land of superlatives, the bar-headed goose is the highest-flying bird in the skies and can reach heights of over 8,000 meters while flying over the Himalayas to winter in India.
In the spring of 2005, Qinghai Lake was the scene of an extraordinary event that has far-reaching implications for the global health of multiple species. Thousands of migratory birds died from an avian influenza infection (subtype H5N1). 34 Most of them were bar-headed geese. Some scientists consider the Qinghai Lake die-off a watershed moment as the single largest wild bird mortality event attributable to H5N1. or will be, successfully introduced into a new geographic area. 40 However, scientists know that ducks and geese are the primary disease reservoirs for the influenza viruses that infect chickens and other migratory birds. 41 In fact, the primordial source of all influenza viruses -avian and mammalian -is aquatic birds. 42 Chickens can transmit the avian flu virus directly to people, although the virus is not easily transmissible from human to human. Some analyses suggest that the avian virus spread initially due to the poultry trade, but once it moved out of Asia, it spread via migratory pathways to Europe. 43 The World Health Organization, the World Organization for Animal Health, and the Food and Agriculture Organization of the United Nations, the world's leading medical, veterinary, and agricultural authorities, all implicate industrial poultry production (to varying degrees) as playing a role in the current bird flu crisis. 44 Whatever its mode of transmission, virologists concur that the spread of the virus via migratory birds is of ongoing concern for potential human flu pandemics.
Events at Qinghai sparked intensive interest among scientists who study viruses that jump the species barrier at the complex boundary of human, animal, and environmental domains. 45 Specifically, the bird flu crisis also raised questions about the natural environment at the Qinghai-Tibet Plateau. Researchers understand that the Qinghai Lake region is experiencing the most significant climate warming on the plateau. 46 Viral pathogens can be preserved in ice repositories, such as glaciers and lake ice. However, lake ice and permafrost do not receive much attention as a potential reservoir of microbes during surveillance activities for human diseases. 47 Monitoring of water chemistry, mountain topography, ultraviolet radiation, salinity, temperature, and precipitation will be keys to understanding the impacts of future climate change at high mountain lakes. 48 At Qinghai Lake, all these factors are undergoing change to some extent. There is one fact, however, that may illuminate why the timing of avian flu outbreaks among wild and domestic birds coincided with the construction of the QTR.
With over one hundred thousand workers temporarily living in rugged high-altitude conditions to work on the QTR, the Chinese government had to shelter and feed them.
Based on published science as well as personal communications with scientists, it appears that wild bar-headed geese were raised in the Lhasa Valley as high-protein food for the QTR workers. 53 Some researchers argue that captive breeding of barheaded geese, including attempts to interbreed them with domestic geese, represents a plausible route for the evolution of the avian virus to a more dangerous and deadly form. 54 This may indeed be the Pandora's Box of the Qinghai-Tibet Plateau, opening a novel pathway for the spread of avian flu. One must also consider that multiple factors are at play -permafrost environment, climate warming, and poultry practicescontributing to the new bird flu crises originating at Qinghai.
Broader Impacts
The Qinghai-Tibet Plateau is the one constant among mutable threads of technology, environment, disease, culture, and geopolitics. The QTR provides a contemporary metaphor for a post-industrial world where nature, culture, and technology interact in increasingly complex ways. 55 As depicted in Machine in the Garden, a locomotive bursts onto the scene almost from nowhere, forever spoiling a pastoral ideal. 56 Despite mounting socio-economic and geopolitical pressures to fulfill state plans to develop China's western regions, the QTR may not hold up to shifting permafrost despite remarkable technological advances. 57 Although it is surely a milestone of geotechnical achievement, the active permafrost layer beneath the QTR is thawing faster than expected. at Qinghai is well-documented, historical precedents and ecological contexts have not been assessed. 58 Rapid changes at Qinghai challenge us to comprehend the scale of human exploitation in the natural world and to envision its unintended consequences.
